Hydrolysis of lipid monolayers and the substrate specificity of hepatic lipase.
The substrate specificities of the phospholipase and triglyceridase activities of purified rat liver hepatic lipase were compared using lipid monolayers so that the substrates were presented to the enzyme in a controlled physical state. The rate of hydrolysis of 14C-labeled lipid at constant surface pressure in the presence of hepatic lipase and fatty acid-free bovine serum albumin at 33 degrees C was determined by monitoring the decrease of surface radioactivity. In monolayers of sphingomyelin/cholesterol (2:1, mol/mol) containing either 1 mol% triacylglycerol, 1 mol% phosphatidylethanolamine, or 10 and 20 mol% phosphatidylcholine, hepatic lipase clearly showed a preference for unsaturated over saturated lipids. In addition, with a sphingomyelin/cholesterol (2:1) monolayer containing 1 mol% of lipid substrate, hepatic lipase showed the following preference: triolein = dioleoylphosphatidylethanolamine much greater than dioleoylphosphatidylcholine; the respective rates of hydrolysis were 15.3 +/- 1.2, 14.9 +/- 0.8, and 0.5 +/- 0.1 mumol fatty acid produced/h per mg hepatic lipase. Overall, it appears that when comparing rates of hydrolysis of molecules within a given lipid class, hydrocarbon chain interactions are important. However, when comparing different lipid classes such as phosphatidylcholines and phosphatidylethanolamines, it is apparent that the polar group has a significant influence on the rate of hydrolysis. The rate of [14C]triolein hydrolysis, when mixed at surface concentrations of up to 2 mol% in a sphingomyelin/cholesterol (2:1) monolayer, was significantly faster than when triolein was present in a 1-oleyl-2-palmitylphosphatidylcholine monolayer; the rates of hydrolysis were 47.7 +/- 5.4 and 8.9 +/- 0.8 mumol fatty acid produced/h per mg hepatic lipase, respectively. The monolayer physical state and the miscibility of the substrate in the inert matrix influence the presentation of the substrate to the enzyme, thereby affecting the hydrolysis rate.